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PROVISIONAL SPECIFICATION 
Improvements in or relating to Hydraulic Reciprocating Pumps 
and Motors 



I, Frederick Henry Carey, a British 
subject, of 5, Newhold Terrace, Leaming- 
ton Spa, Warwickshire, do hereby declare 
the nature of this invention to he as 
5 follows:— , 

The present invention relates to small 
hydraulic pumps and motors intended 
primarily for use on aircraft for operat- 
ing various devices and mechanisms 
10 thereon, although they may be used for 
any other purposes for which they may- 
be found useful. 

In the case of aircraft, for example, 
hydraulic pumps are used for creating 
15 livdraulic pressure for operating the rams 
of hydraulic jacks or hydraulic motors for 
actuating retractable under-carriages, 
flaps, gun turrets, and the like, whilst 
hydraulic motors are used for operating 
20 various mechanisms associated, with 
retractable under-carriages, flaps, gun 
turrets, variable pitch air screws, and 

The object is to provide a highly 
25 efficient motor or pump which operates at 
very high pressure, and the invention is 
more particularly concerned with pumps 
and motors of the swash-plate type, in 
which the cylinders and pistons are 
30 arranged axially in a circle about the 
driving shaft, with the ends of the pistons 
bearing against or connected to the 
swash -plate. . 
The invention relates more particularly 
35 to the valve control for the inlet to and 
discharge from the cylinders. Accord- 
ing to the invention the flow of liquid to 
and from the cylinders is controlled by a 
vulve disc which rotates with the shaft 
40 and is provided with separate liquid 
passages and ports, whereby during rota- 
tion of the disc the cylinders are succes- 
sively brought, into communication as 
required with the liquid outlet and inlet 
45 connections of the machine. 

Preferably the valve disc is disposed 
between the end wall of the cylinder 
block, containing ports communicating 
with the cylinders and the end > cover of 
50 the machine carrying the liquid inlet and 
outlet connections, 'and the said valve 
disc is surrounded by an annular dis- 
tance piece or ring enclosing and sealing 



the space between the cylinder end wall 
and the end cover. In said valve disc are 
separate arcuate annular grooves or slots 
in the surface adjacent to the cylinder end 
wall, on the same pitch circle or circles 
as the cylinder ports, and a hole is bored 
through the valve disc to provide com- I 
munication between one of said slots and 
a continuous circular groove in the face 
of the end cover which is constantly in 
communication with the liquid inlet con- 
nection. The other annular slot or groove 
communicates by a radial bore with a 
continuous peripheral groove round the 
edge of the valve disc, and a passage in 
the distance piece or ring- provides con- 
stant communication between this groove 
and the liquid outlet connection of the 
end cover. 

The arcuate extent and relative posi- 
tions of the two grooves or slots in the 
valve disc determine the valve timing, 
whi( h is m< h that the inlet arcuate groove 
is over the cylinder ports of the cylinders 
whose pistons are performing a suction 
stroke, whilst the other arcuate groove is 
over the cylinder ports of the cylinders 
performing a power or delivery stroke, 
the connections of the various cylinders 
to inlet and outlet constantly progressing 
round the circle of cylinders as the swash- 
plate operating the pistons rotates. Each 
cylinder will be in communication with 
the inlet aud outlet connections respec- 
tively during the whole of its piston 
travel, for both the suction and delivery 
strokes, thus contributing to high volu- 
metric efficiency. 

Various modifications of construction 
are desirable according as to whether the 
machine is to be used as a pump or as a 
motor, and these modifications will now 
be briefly indicated. 

In the' case of a pump the inlet and out- 
let grooves or slots in the valve disc will 
both have the same pitch circle corre- 
sponding to that of the ports of the cylin- 
ders which serve both for inlet and outlet, 
whilst to prevent overheating during long 
periods of blow-off pressure a liquid 
relief valve is housed in the end cover ^ to 
permit relief of the liquid to a connection 
on the end cover, from which it can be 
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conducted to .the supply tank or container. 

Owing to the high delivery pressure 
which is desirable, and in order to obtain 
high volumetric efficiency, it is important 
5 that the working clearances between the 
valve disc, cylinder end wall, and end 
cover, be reduced to a minimum, but in 
order to minimise surface friction, parts 
of the contact surfaces which are not 

10 subject to delivery pressure, for instance 
the area on one face of the valve disc 
between the inlet groove and the shaft, 
and the whole centre area of the end cover 
adjacent to the inlet groove are prefer- 

15 ably relieved. 

This relieving' renders it possible to 
provide in a simple manner for automatic 
lubrication of the complete working- parts 
of the pump. The lubricant can flow 

'20 from the relieved area of the end cover 
to a drilling in the shaft along which it 
flows to the centre of the_ pump. By 
providing a spiral groove in the surface 
of the driving shaft the lubricant can be 

25 returned towards the valve disc, to the 
relieved area thereof, thus completing- the 
circuit. 

According to a modification, instead of 
using a separate distance ring surround- 

30 ing and enclosing- the valve disc, the dis- 
tance piece may <be integral with the end 
cover of the pump. It will be under- 
stood, of course, that the joints between 
the distance piece, the cylinder end wall, 

35 and the end cover, must make a tight 
seal and for this purpose are .preferably 
lapped. Also these parts are located in 
relation to one another by dowelling and 
secured as one piece to the cylinder block 

40 by bolts. 

In the. case of a motor the valve disc 
may be substantially the same as for a 
pump if rotation will only be required in 
one direction, but to permit rotation in 

45 either direction the grooving- of the valve 
disc and the porting- arrangements must 
be modified,, as hereinafter explained, 
owing- to the solid areas which must 
necessarily exist between the ends of the 

50 arcuate inlet and outlet slots on the cylin- 
der side of the valve disc, and which serve 
to provide the necessary .seals between the 
inlet and outlet grooves, between which 
a considerable pressure difference exists. 

55 These sealing- areas shut off each cylin- 
der from both inlet and outlet ports at 
the.two ends of the stroke, but^ owing to 
the noh-compressibility of the liquid it is 
essential that each cylinder" be in com- 

60 munieation with the delivery connection 
at the commencement, of the delivery 
stroke in. the case of a pump or with the 
exhaust connection at the commencement 
of the exhaust stroke in the . case of a 
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In the case of a pump the piston load, 
on the swash-plate is in one direction on 
the delivery stroke and in the reverse 
direction on the suction stroke, whilst in 
the case of a motor the piston load for 70 
both the power and exhaust strokes is in 
the samei direction. Consequently the 
foregoing requirement may be met, in 
the case of a pump, by providing for a 
lost motion connection between the 75 
pistons and the swash-plate, which allows 
a sufficient angular movement of the 
valve disc to permit the sealing areas to 
pass the cylinder ports whilst the pistons 
are at their dead centre position. 80 

An alternative method in the case of a 
pump would be to make the delivery 
groove in the valve disc a full 180° arc 
and to reduce the arc of the suction groove 
to provide sufficient intervening sealing 85 
areas,, so that inlet or suction would not 
continue throughout the whole of the 
suction stroke. In the case of a non- 
reversible motor a similar arrangement 
may be used, the 180° groove being- the 
exhaust groove. Such an arrangement , 
would, however, not be suitable for a 
reversible motor in which the ports must 
act alternatively as both inlet and 
exhaust ports, according to the direction 95 
of rotation. 

In the case of a reversible motor, there- 
fore, in order to prevent attempted com- 
pression of the liquid, the grooves in- the - 
valve disc should preferably be arranged 100 
at different pitch circles, permitting eaeh 
groove to be a full 180° arc, with radial 
sealing areas separating their ends. This? 
involves providing each cylinder with "■' 
two ports radially spaced correspondingly 105 
to the grooves in the valve disc- 
Alternatively, instead of having 
grooves in the valve disc at different pitch 
circles, they may be of equal arcuate 
extent (somewhat less than 180°) and the 110 
cylinders may be provided with a pair of 
ports spaced circumferentially as : far 
apart as possible, the solid areas-between 
the ends of the grooves in the valve lisc , 
being_ substantially of the same, width as 115 
the distance between the cylinder ports. 
This arrangement will permit momen- 
tary direct connection oi the inlet with 
the exhaust via the two cylinder ports, 
but this will be for so Bhort a period that 120 
the efficiency. of the motor will. hot he 
affected to any serious extent. ".' . 

In the .case, of a non-reversible motor 
the same automatic lubricating system . 
can be employed as with a pump, but for 125 
a reversible .motor, .such a system is not 
possible owing to. the absence of the 
relieved surfaces on the- valve disc 
and end cover. In this, case arrange- - 
ments.-may " be made to maintain, the 130 



whole motor body full of lubricating 
liquid. 

Jt. is, of course, not necessary In tin- 
ease of a motor to provide a relief valve 
5 in the end cover. 



Dated, this 8th day of June, 1938 
CHAELES S. PAESONS, 
Chartered Patent Agent, 
Thanet Houes,, 
231, Strand, London, W.C.2. 



COMPLETE SPECIFICATION 

Improvements in or relating to Hydraulic Reciprocating Pumps 
and Motors 



I, Fbedebick Henry Cakey, a British 
subject, of 5, Uewbold Terrace, Leaming- 
ton Spa, Warwickshire, England, do 
hereby declare the nature of this inven- 

10 tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in and by the following 
statement.: — 
The present invention relates to small 

15 hydraulic pumps and motors intended 
primarily lor use on aircraft for operat- 
ing- various devices and mechanisms 
thereon, although they may be used for 
any other purposes for which they may 

20 he found useful. 

In the case of aircraft, for example, 
hydraulic pumps are used for creating 
hydraulic pressure for operating the rams 
of hydraulic jacks or hydraulic motors 

25 for actuating retractable under-carriages, 
naps, gun-turrets, and the like, whilst 
hydraulic motors are used for operating 
various meclianisms associated with 
retractable under-carriages, flaps, gun- 

30 turrets, variable pitch air-screws, and 
so on. 

The object is to provide a highly 
efficient motor or pump which operates at 
very high pressure, and the invention is 

85 more particularly concerned with pumps 
and motors of the swash-plate _ type, in 
which the cylinders and pistons are 
arranged axially in a circle about the 
driving shaft, with the ends of the pistons 

40 hearing against or connected to the swash- 
plate. In the improved pump according 
to the present invention, however, the 
swash-plate is floating i.e. is freely rotat- 
ahle in relation to both the shaft and. the 

45 pistons. 

In hydraulic motors or pumps ofthe 
type indicated above it has been proposed 
to control the flow of fluid by a valve disc 
mounted on an extension of the shaft. 

50 passing through the cylinder block, said 
valve disc having grooves, in one face 
communicating by internal passages with 
ports on the other face, and the valve 
casing having grooves at the same radius 

55 as said ports, communicating with the 
fluid inlet and outlet openings of the 



vide a generally improved, construction 
of hydraulic motor or pump, and accord- qq 
ing thereto the driving shaft, which 
extends through the cylinder block, 
carries a ported valve disc controlling the 
pa.-sage of working fluid from the valve 
casing to and from the rear ends of the Qg 
cylinders, _ and in front of the cylinder 
block carries a floating swash-plate which 
is imperatively associated with the project- 
ing ends of the pistons, but is freely 
rotatable in relation to both the shaft 70 
and the pistons. 

The invention also includes certain 
improvements in the construction and 
arrangement of the valve disc, in accord- 
ance with which the valve disc has a con- 75 
tinuous peripheral groove communicating 
with the fluid inlet or outlet, of the valve 
casing and connected by an internal 
passage in the valve disc v> itli an arcuate 
groove on the inner surface of the disc 80 
contacting witli the cylinder heads 
which have ports located at the same 
radius as said groove. 

According to one construction the valve 
disc has on its inner surface, another 85 
arcuate groove at the same radius as that 
communicating with the peripheral 
groove, communicating by an internal 
passage with a port on the outer surface 
of the disc, at the same radius as a groove 90 
in the valve disc casing communicating 
with the fluid inlet or outlet of the casing. 

According to another construction the 
valve disc has on its inner surface another 
arcuate groove at a radius different from 95 
that communicating with the peripheral 
groove, communicating by an internal 
passage with a port on the outer surface 
of the disc, at the same radius as a groove 
in the valve disc casing, communicating 100 
with a fluid inlet or outlet, whilst the 
cylinders have separate inlet and outlet 
ports at different radii corresponding to 
the two grooves. 

_ The arcuate extent and relative posi- 105 
tions of the two grooves in the valve disc 
determine the valve timing, which is such 
that the inlet arcuate groove is over the 
cylinder ports of the cylinders whose 
pistons are performing a suction or power 110 
stoke, whilst the other arcuate groove is 
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over tile cylinder ports of tie cylinders 
performing an exhaust or delivery stroke, 
the connections of the various cylinders 
to inlet and outlet constantly progressing 

5 rcund the circle of cylinders as the swash- 
plate rotates. Each cylinder will be in 
communication with the inlet and outlet 
connections respectively during the whole 
of its piston travel, thus contributing to 

10 high volumetric efficiency. 

Various modifications of construction 
are desirable according as to whether the 
machine is to be used as a pump or as a 
motor, and these modifications will now 

15 be briefly indicated. 

In the case of a pump the inlet and 
outlet grooves or slots in the valve disc 
will both have the same pitch circle 
corresponding to that of the ports of the 

20 cylinders which serve both for inlet and 
outlet, whilst to prevent overheating dur- 
ing long periods of blow-off pressure a 
fluid relief valve is housed in the end 
cover, to permit relief of the fluid to a 

25 connection on the end-cover, from which 
it can be conducted to the supply tank or 
container. 

Owing to the high delivery pressure 
which is desirable, and in order to obtain 

30 high volumetric efficiency, it is important 
that the working clearances between the 
valve disc, cylinder end- wall, _ and the 
end-cover be reduced to a minimum, but 
in order to minimise surface friction parts 

35 of the contact surfaces whch are not sub- 
ject to delivery pressure, for instance the 
area on one face of the valve disc between 
the inlet groove and the shaft, and the 
whole centre area of the end-cover adja- 

40 cent to the inlet groove, are preferably 
relieved. 

This relieving renders it possible to 
provide in a simple manner for automatic 
lubrication of the complete working parts 

45 of the pump. The lubricant can flow 
from the relieved area of the end-cover 
to a drilling in the shaft along which it 
flows to the centre of the pump. By pro- 
viding a spiral groove in the surface of 

50 the driving shaft "the lubricant can be 
returned towards the valve disc, to the 
relieved area thereof, thus completing the 
circuit. 

In constructing a pump or motor 
55 according to the invention the valve 
casing may be formed by a cover piece 
secured to the cylinder block, with a dis- 
tance ring surrounding the valve disc, but 
.according to a modification, instead of 
GO using a separate distance ring surround- 
ing and enclosing the valve disc, the dis- 
tance piece may .be integral with the end- 
cover of the" pump. ' It will he under- 
stood, "of course, "fhat-the joints" between 
65 the distance piece, the cylinder end-wall. 



and the end-cover, niust' make a tight - 
seal, and for this purpose are preferably 
lapped. Also these parts are located in 
relation to one another by do welling and - 
secured as one piece to the' cylinder "block 70 
by bolts. 

In the ease of a motor the valve disc 
may be substantially the same as for a 
pump, if rotation will only be required 
in one direction, but to permit rotation in 75 
either direction the grooving of the valve 
disc and the porting arrangements must 
be modified, as hereinafter, explained, 
owing to the solid areas which must 
necessarily exist between the ends of the 80 
arcuate inlet and outlet slots on the cylin- 
der side of the valve disc, and which 
serve to provide the necessary seals 
between the inlet and ontlet grooves, 
between which a considerable pressure 85 
difference exists. 

These sealing areas shut off each cylin- 
der from both inlet and outlet ports at 
the two ends of the stroke, but owing to 
the non-eompressibility of the fluid it is 90 
essential that_ each cylinder be in com- 
munication with the delivery connection . 
at the commencement of the delivery - 
stroke in the case of a pump, or with the 
exhaust connection at the commencement 93 
of the exhaust stroke in the case of a 
motor. 

In the case of a pump the piston load 
on the swash-plate is in one direction on 
the delivery stroke and in the reverse 100 
direction on the suction stroke, whilst in 
the case of a motor the piston load for 
both the power and exhaust strokes is in 
the same direction. Consequently the 
foregoing requirement may be met, in 105 
the case of a pump J by providing for a 
lost motion connection between the 
pistons and the swash-plate, which allows 
a sufficient angular movement of__the 
valve disc to permit the sealing areas to 110 
pass the cylinder ports whilst the pistons 
are at their dead centre positions. 

An alternative method in the case of a 
pump is to make the delivery groove in 
the valve disc a full 180° arc, and to 115 
reduce the arc of the suction groove to - 
provide sufficient intervening sealing 
areas, so that inlet or suction would not 
continue throughout the whole of the 
suction stroke.- In the case of a non- 120 
reversible motor a similar arrangement 
may be used, the 180° groove being the 
exhaust groove. - Such an arrangement 
would, however, not be suitable for a 
reversible motor in which the ports must 125 
act -alternatively as both inlet . and 
exhaust ports, according- to the direction - 
of rotation. - 

In the case of _a reversible motor, there- 
fore, in order- to prevent attempted com- 130 
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pression of the fluid, the grooves in the 
valve disc may be arranged at different 
pitch circles, permit-ting each groove to 
be a full 180° axe, -with radial sealing 
5 areas separating their ends. This 
involves providing each cylinder with two 
ports radially spaced correspondingly to 
the grooves in the valve disc. 

Alternatively, instead of having 

10 grooves in the valve disc at different pitch 
circles they may be of equal arcuate 
extent (somewhat less than 180°) and. the 
cylinders may be provided with a pair of 
ports spaced circumferentially as far 

15 apart as possible, the solid areas between 
the ends of the grooves in the valve disc 
being substantially of the same width, 
as the distance between the cylinder 
pouts, 

20 The invention will be more clearly 
appreciated from the following descrip- 
tion, with reference to the accompanying 
drawings, of constructional embodiments 
thereof, which are however, only given by 
25 way of example, and should not be 
regarded in a limiting sense. 
In the drawings: — 
Figure 1 is a longitudinal section on 
line £— E of Figure 3, of a hydraulic 
30 pump constructed in accordance with the 
invention. 

Figaire 2 is an end elevation of the 
cl living end of the pump. 
Figure 3 is an end elevation of the 
35 pump from the opposite end. 

Figure 1 is a cross section on the line 
A— A of Figure 1. 

Figure 5 is a cross section on the line 
B— B of Figure 1. 
40 Figure 6 is a cross section on the line 
C— C of Figure 1. 

Figure 7 is a detail sectional view 
through the relief valve on the line F— F 
of Figure 3. 
45 Figures 8, 9 and 10 are a transverse 
sectional view, and opposite face views, 
respectively, of the rotary disc valve. 

Figure 11 is a longitudinal section of a 
non-reversible hydraulic motor in accord- 
50 ance with the invention. 

Figure 12 is a cross section on the line 
G— (i of Figure 11. 

Figures 13, 14 and 15 are a transverse 
sectional view, and opposite face views, 
55 respectively, of the rotary disc valve. 
Figures 16 and 17 are diagrammatic 
and sectional views, respectively, illus- 
trating a modified construction for the 
rotary disc valve, in the case of reversible 
60 hvdraulic motors. 

' Figure 18 is an end view of another 
modified construction of rotary disc 
valve in the case of reversible hydranln- 
motors. 

65 Figure 19 is a partial sectional view 



illustrating a. modified construction of the 
swash-plate mounting, and 

Figure 20 is another partial sectional 
view illustrating another modification of 
the swash-plate mounting, 70 

Throughout the drawings correspond- 
ing parts of both pumps and motors are in- 
dicated by the same reference numerals. 

Referring firstly to Figures 1 — 10, of 
the drawings, which illustrate a hydraulic 75 
pump constructed in accordance with the 
invention, the pump comprises a _ body 
portion, or cylinder block 1, having a 
central bore 2 for the driving shaft 3, 
and, arranged in a circle concentric with 80 
the bore 2, seven parallel cylinder bores 
4 running in the axial direction. The 
shaft 3 runs in a double purpose ball- 
bearing 5 carried in a thrust housing 6 
bolted over one end of the cylinder block 85 
1, and carrying a mounting flange_ 7. 
Projecting from the thrust housing 6 is a 
housing- 8 containing an oil seal of the 
dual type, held in place by a retaining 
ring 9. The projecting end of the shaft 90 
3 is spliued at 11 for connection to a suit- 
able flexible or other driving or power 
transmission shaft. 

Between the ends of the cylinders 4 and 
the bearing- 5 the shaft 3 is machined 95 
cylindrically about an axis inclined to the 
axis of the shaft to provide an inner race 
12 for a double ball-bearing 13, the outer 
race 14 of which is grooved internally to 
provide tracks fon the balls, and thus 100 
acts as an annular swash-plate freely 
rotatable on the shaft 3. Preferably the 
swash-plate 14 carries a peripheral rib 1") 
which is engaged in slots or recesses in the 
sides of the projecting ends of the pistons 105 
16. As the shaft 3 rotates the swash- 
plate ring 14 will oscillate angularly in 
relation to the axis of the shaft, in syn- 
chronism with the rotation of the shaft, 
and will thus reciprocate the pistons 16 HO 
cyclically in rotation, driving them posi- 
tively on both inward and outward 
strokes. At the same time, due to the 
ball-bearing 13, the annular swash-plate 
14 will not rotate with the shaft, but will 115 
remain stationary except for a. slight 
rotational creep due to the inevitable hat 
small amount of friction arising from the 
ball-bearing 13, which will, however, be 
balanced to a large extent by the fric- 120 
tional drag of the rib 15 in the recesses in 
the pistons 16. 

At the opposite end of the cylinder 
block 1 the ends of the cylinders are 
closed by a cylinder head-plate 17 in 125 
which are holes 18 opening by flared 
passages into the cylinders 4. Adjacent 
to ilii 1 cylinder head-plate 17 and run- 
ning in dose contact therewith is mounted 
on the shaft 3 the rotary disc valve 19, 130 
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shown in detail in Figures 8 9 and 10, 
which is surrounded and enclosed by an 
annular distance piece 20, which may be 
a separate ring, member as in Figure 1, 
5 or integral with the end-cylinder block 
or with the cover 21 of the pump or motor 
as illustrated in Figure 11. The end- 
cover 21 carries the fluid inlet connection 
22 and the fluid outlet connection 23, and 

LO also a spring pressed ball relief valve 24, 
which permits relief of pressure fluid 
during long blow-off periods from the 
outlet connection 23 to a connection 25 
leading to the "fluid supply tank or con- 

15 tainer, thereby preventing overheating. 
The distance piece 20, end-cover 21, 
cylinder head-plajte 17. and cylinder block 
1 are provided with lugs by which they 
are fastened together by securing bolts 20. 

20 the three former being preferably regis- 
tered by dowelling and secured as one 
piece to the cylinder block 1 . The joints 
are lapped in the finishing process so as 
to ensure a fluid tight seal. 

25 . The rotary valve disc- 19 has on the face 
adjacent to the cylinder head-plate 17, a 
pair of arcuate grooves or recesses pitched 
at the same radius as the ports 18 in the 
cylinder head-plate 17, These groove- 

30 are sealed from one another by the inter- 
vening solid areas of the disc 19. The 
groove 27", which may be termed the inlet 
or suction groove, is connected by ;i 
passage through the valve disc 19 with a 

35 port 28 in the outer face of the disc 
which is at the same radius as a groove 
29 in the adjacent face of the end-cover 
21, which is constantly in communication 
with the inlet connection 22. The groove 

40 30, which may be termed the outlet or 
delivery groove, is connected by a radial 
passage 31 within the thickness of the 
valve disc 19 with a continuous peripheral 
groove 32 round the edge of the valve disc. 

45 This "groove 32 is contiuually in com- 
munication through the passage 33 in the 
distance piece 20, with the outlet connec- 
tion 23 of the end-cover 21. Conse- 
quently as the valve disc 19 rotates with 

50 the shaft 3 the cylinders 4 are periodic- 
ally brought by the inlet groove 27 into 
communication with the inlet connection 
22 and by" the outlet groove 30, into com- 
munication "with the outlet connection 23. 

55 and by suitably mounting the valve disc 
19" on the shaft 3 its operation may be so 
timed that each cylinder is brought and 
maintained in connection with the inle) 
connection 22 dtiring the whole of its out- 

(50 ward or suction stroke, and in connection 
with the outlet" connection 23 during- the 
whole of its inward or delivery stroke. 
This results in high volumetric efficiency, 
and with seven cylinders there, will be 

65 never less than three cylinders delivering, 



so that there will be little or no pulsation 
at any speed or fluid pressure. ' - • ' • " 

_ Owing to the solid portions of the valve 
disc 19 between the ends of the grooves 
27 and 30, there will- be momenta at the 70 
ends of - their strokes when the cylinders 
4 are cut off from both inlet and outlet, 
and in order to prevent any possibility of 
attempted compression of the fluid in the 
cylinders by small movements of the 75 
pistons taking place during these periods, 
the recesses or slots in the sides of the . 
pistons J b' may be made slightly wider 
than the rib 15 on the swash-plate ring 
J 4, so that there is a sufficient degree of 80 
lost motion to enable the valve disc 19 
to perform a small angular movement 
without causing corresponding movement 
of the pistons 16. If this expedient" is 
adapted the inlet and outlet grooves 27 85 
and 30 may be of equal lengths approxi- 
mating- each to -j^ of the pitch circle, 
the_ remaining l j 3 of the circle being 
divided between the two solid areas 
between the ends of the grooves. 90 

Another expedient, as illustrated by- 
Figures 8, 9 and 10, may, however, be 
adopted, namely, that of making the out- 
let groove 30 occupy substantially 180" 
of the pitch circle, and making the inlet 95 
groove 27 correspondingly shorter to pro- 
vide the two solid areas between the ends 
of the grooves. With this construction, 
however, the cylinders would not be con- 
nected to the inlet connection 22 for the- 100 
whole period of the suction stroke. . 

Due to the high working pressure of th < 
fluid and in order to obtain high volu- 
metric efficiency it is important that the 
working clearances between the valve 105 
disc 19, cylinder head-plate 17, and end- 
cover 21, be kept down to a minimum, 
but on the other hand in order to reduce 
frictional losses surface contact between 
the parts is undesirable. Consequently 1 10 
parts of the surface of the valve disc 17, 
which are not subjected to the high 
delivery pressure and are not acting as a 
seal, are preferable relieved. Thus the 
radial area 34 between xhe inlet groove 115 
27 and the centre of the disc, adjacent to 
the cylinder head-plate 17, and the whole 
annular centre area 35 within the inlet- 
groove 29 in the end-cover 21, may be 
relieved. 120 

This relieving of surfaces render- 
possible an automatic- system of lubrica- 
tion throughout the working parts of the 
pump, as will be seen from the drawings. 
Part of the working fluid will pass from 125 
the relieved area 35 in the end-cover 2! 
to a bore 30 along the shaft 3 and thence 
by a radial bore 37 into the chamber 
containing the swash-plate. It will then 
travel backwards towards the valve disc- 130 
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19 along the spiral groove 38 in -the sur- 
face of the shaft 3, to the relieved area 
ol of the valve disc 19, whence it -will be 
sucked up by the cylinders 4, thus com- 

3 pleting the circuit. 

Referring now to Figures 11 — 15, illus- 
trating a construction of motor accord- 
ing to the invention, the motor illustrated 
is a non-reversible motor of a construe- 

10 lion substantially the same as that of the 
pump already described, except as here- 
inafter explained, it being understood 
that the terms " inlet " or " suction " 
as applied to the pump correspond to 

15 " inlet " as applied to a motor, and the 
terms " outlet " or " delivery " as 
applied to the pump correspond^ " out- 
let " or " exhaust " as applied to ■» 
motor. 

20 The main difference between the punir 
and motor, as illustrated, is that the 
motor contains a greater number of cylin- 
ders, for example nine, to give a more 
even torque and the pistons have a 
25 longer stroke resulting from a _ greater 
inclination of the swash-plate in rela- 
tion to the axis of the shaft 8. 
The relief valve 24 and its casing on 
the end-cover 2i are omitted as being 
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unnecessary. 



The swash-plate ring 14 is also 
Journalled in a different manner on the 
shaft 3, in order to take the greater end 
thrust, by means of a single hall-ring- 39 
35 adjacent to one edge of the swash-plate 
ring 14, and a taper roller bearing 40 for 
the other edge of the swash-plate ring. 
Consequent upon the greater weight of 
the swash-plate assembly and its greater 
40 stroke it is desirable to provide on the 
shaft a balance weight 41 of _ suitable 
weight according to the design, the 
weight increasing with the stroke of the 
swash-plate. The ball thrust bearing ■> 
45 of the pump is replaced by a double pur- 
pose taper roller bearing 42 held in the 
thrust housing 6. 

Since the pistons 16 of the motor will 
only be subject to a uni-directional load, 
50 it is not necessary for them to have a 
positive connection with the swash-plate 
ring 14, and accordingly their ends may 
simply be rounded to make frictional 
contact with the surface of the swash- 
55 plate 14. Certain other modifications of 
construction are, however, necessary 
when the motor is to be reversible, 
principally in regard to the passages and 
ports in the valve disc 19. However, it 
60 is also not possible to employ the auto- 
matic lubrication system described for the 
pump, owing to the absence of relieved 
areas on the valve disc and end-cover, 
since the passages and ports of_a rever- 
65 sible motor must serve alternatively for 



high and low pressure fluid, and relieved 
surfaces cannot be made use of adjacent 
to high pressure fluid passages. In thu 
case therefore, the interior of the motor 
containing the swash-plate mechanism 7( 
may be maintained full of oil, through a 
pipe indicated in dotted lines at 43, con- 
nected to an oil supply tank or container. 
There will be no rise in pressure due to 
any leakage past the pistons, since the 7- 
fluid will have free passage to the supply 
tank. 

As regards the ports and passages in 
the valve disc 19, special care must be 
taken to avoid the risk of the pistons 8 
attempting to compress the working fluid 
in either direction of running, i.e. the 
pistons starting on an exhaust stroke 
hef ore the cylinders are open to exhaust. 
It follows from this that the grooves 30 8 
and 27 of the valve disc 19 must be of 
equal angular extent, since they have {n 
serve alternatively for both inlet and 
exhaust. A convenient arrangement to 
meet this requirement is illustrated in 9 
Figures 16 and 17, in which the grooves 
27. and 30 in the valve disc 19 are 
arranged at different pitch circles, and 
the cylinder head-plate 17 is provided 
with a pair of ports 18ft and 18& for each C 
cylinder 4 at different radii correspond- 
ing to the two grooves. By this means 
the two grooves 27 and 30 may be of equal 
angular extent viz a full 180°, so that no 
cylinder is completely shut off from either IC 
inlet or exhaust for more than an 
infinitesimal period. In this case the ends 
of the grooves are sealed from one another 
by a radially extending area of the disc 
19, the width of which may be increased 1( 
within limits, by spacing the ports 18ft 
and 18k further apart than the diameter 
of the cylinder 4 and connecting them to 
the cylinders by inclined passages 18c. 

An alternative arrangement is illus- 1 
trated by Figure 18, in which each cylin- 
der 4 again has two ports 18« and 18b, 
but they are circumferentially spaced as 
far apart as may be necessary, in the 
same pitch circle, to establish a satisfae- 1 
tory seal between the ends of the grooves 
27 and 30, which in this rase are at the 
same pitch circle corresponding to that of 
the ports 18ft and ISh. In this case, of 
course, the two grooves 27 and 30 will be 1 
of equal lengths but slightly less than 
180° arc, corresponding- to the width of 
the sealing gaps between the ends of the 
grooves. 

In both of these cases employing two 1 
ports 18o\ 18^ for each f;f the cylinders 
4, the inlet will be momentarily con- 
nected to the exhaust via the _ cylinder 
ports and valve disc 19, but this will be 
for so short a period of time as not to 1 
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affect the efficiency of the motor to any 
appreciable extent. 

Figure 19 shows a modified construc- 
tion of the swash-plate mechanism for a 
5 pump, which is similar to that shown in 
Figure 11, for a motor, inasmuch as one 
of the ball-bearings 13 of the swash-plate 
ring 14 and the ball-bearing 5 of the 
shaft 3 are replaced by taper roller-bear- 
10 ings corresponding to 40 and 42 of 
Figure 11. In addition a balance weight 
41 may be provided. 

Figure 20 shows another modification 
for the mounting of the swash-plate ring 
15 14, for either pumps or motors, which is 
similar to that of Figures 11 and 19 
except that the ball bearing 39 is replaced 
by a plain bearing 44. 

From the foregoing it will be appreci- 
20 ated that many modifications may be 
made in the constructional details of both 
pumps .and motors without departing 
from the invention. 

Having now particularly described and 
25 ascertained the nature of my said inven- 
tion and in what manner the same is to 
be ' performed, I declare that what I 
claim is: — - . .. 

1. A hydraulic motor or pump of the 
30 type set forth in which the driving shaft, 

which extends through the cylinder 
Wjoek, carries a ported valve disc con- 
trolling the passage of working fluid from 
the. valve casing, to and from the rear 

35 ends of the cylinders, and in front of the 
cylinder block . carries a floating swash - 
plate which is operatively associated with 
the projecting ends of the pistons, but is 
freely r.otatable in relation to both the. 

40 shaft and the pistons. 

2. A hydraulic motor or pump accord- 
ing to claim 1, in which the valve disc 
has a continuous peripheral groove com- 
municating with the fluid inlet or outlet 

45 of the valve casing and connected by an 
internal passage in the valve disc with an 
arcuate groove on the inner surface of 
the disc contacting with the cylinder 
heads which, have ports located at the 

50 same' radius as said groove. 

5. A hydraulic motor or. pump accord- 
ing to claim 2, wherein the valve disc has 
on its inner surface,. _ another arcuate 
groove at the same radius as that com- 

55 municating with the peripheral groove, 
communicating by an internal passag-e. 
with a port on the outer surface of the 
disc, at the same radius as a groove in 
the valve disc casing communicating, with 

60 the fluid inlet or outlet of the .casing. 
4. A hydraulic motor or .pump accord- 
ing to claim 2, wherein the valve disc has 
on its inner surface ".another . arcuate 
groove at a radius different from that 

65 communicating with the peripheral 



groove, communicating by an internal 
passage with a port on the outer surface 
of the disc, at the same radius as a groove 
in the valve disc casing, communicating 
with a fluid inlet or outlet, whilst the 70 
cylinders have separate inlet and outlet 
ports at different radii corresponding- t > 

■J. A hydraulic motor or pump accord- 
ing to claim 3, wherein the arcuate groove 75 
on the inner face of the valve disc com- 
municating- with the peripheral groove is 
of greater length than the second arcuate 
groove. 

6. A hydraulic motor or pump accord- 80 
ing to claim 4, wherein the two arcuate 

rooves on the inner face of the valve 
is_c are of equal lengths. 

7. A hydraulic pump according to 'any 

of the preceding claims, wherein the end- 85 
cover of the valve casing is provided with 
a fluid relief valve permitting passage of 
fluid from the. outlet connection to the 
supply tank or fluid container during 
long periods of " blow-off " pressure. 90 

8. A hydraulic motor or pump accord- 
ing to any of claims 1 to 6, or a pump 
according to _ claim 7, wherein areas 
of the valve disc which are not subject to 
inlet or delivery pressure, as the case may 95 
be, are relieved to reduce surface friction 
between the disc and the adjacent sur- 
faces of cylinder block and end-cover. 

9. A hydraulic pump or motor accord- 
ing to claim 8, wherein the central area 100 
within the inlet groove on the surface of 
the end-cover, and a radial section within 
the inlet groove on the valve disc, are 
relieved. 

10. A hydraulic pump or motor accord- 105 
ing to claim 9, having an automatic 
system of lubrication . in which part of the 
working fluid is., circulated from the 
relieved area of the end-cover, through a 
bore in the shaft running longitudinally 1J0 
and opening into the swash-plate cham- 
ber, and back to the relieved area of the 
valve, disc along a spiral groove in the 
surface of the shaft. 

11. A hydraulic pump or motor accord- 115 
ing to claim o, wherein the second arcuate 
groove in the valve disc through, which 
the inlet or.suction fluid passe'sls less than 
180° of.arc, and the groove through which 
the fluid passes to the delivery or exhaust 120 
connection is a. full 180° of arc. 

12. A reversible motor according to 
claims 4 and 6, wherein each cylinder has 
a pair of ports in radially. spaced relation . 
and the two arcuate grooves in the.valve 125 
disc are at different pitch circles eorre- 
spending to the two sets of. cylinder ports. " 
and, both of substantially 180° of arc. 

13. A reversible motor according to 
claims 4 and 6, wherein each cylinder has : 130 
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a pair of ports circumferentially spaced 
round the same pitch circle, and the two 
arcuate grooves in the valve disc are at 
the same pitch circle corresponding to 
5 that of the cylinder ports, and both of 
equal are somewhat less than. 180°. 

14. A reversible motor according to 
any of the preceding claims, which is 
maintained full of lubricating oil through 

10 a pipe connected to the swash-plate 
chamber of the motor. 

15. A hydraulic pump or motor of the 
type set forth, comprising a cylinder 
block centrally through which passes the 

15 driving or driven shaft, a plurality of 
axial cylinder bores disposed _ round a 
pitch circle concentric with said shaft, a 
cover plate secured to the front end of 
said cylinder block, which supports a 

20 bearing for said shaft and forms a cham- 
ber containing a floating swash-plate 
freely rotatahle on said shaft, pistons in 
said cylinders operating, or operated by 
said swash-plate, which is freely rotate 

25 able in regard to said pistons, a cylinder 
head-plate on the other end of said cylin- 
der block and having ports communicat- 



ing with said cylinders, an end-cover 
carrying fluid inlet and outlet connections 
which is secured to said cylinder block 30 
and is spaced from said cylinder head- 
plate by a distance ring, a rotary valve 
disc carried by said shaft in the space 
enclosed by said distance ring, and 
passages and ports in said end-cover and 35 
valve disc, whereby fluid is enabled to 
enter and leave said cylinders in timed 
relation to the movement of said pistons. 

16. Hydraulic pumps substantially as 
herein described with reference to, and 40 
as illustrated by Figures 1—10 of the 
accompanying drawings, with or without 
the modifications referred to. 

17. Hydraulic motors substantially as 
herein described with reference to and as 45 
illustrated by Figures 11—18 of the 
accompanying drawings, with or without 
the modifications referred to. 

Dated this 6th day of July, 1938. 
CHARLES S. PARSONS, 
Chartered Patent Agent, 
Thanet House, 
231, Strand, London, W.C.2, 
Agent for the Applicant. 
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